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ECC FUNCTIONAL BLOCK PLACEMENT IN
A MULTI-CHANNEL MASS STORAGE
DEVICE

BACKGROUND

Implementations of the claimed invention generally may
relate to the field of multi-channel mass storage devices, and
in particular to a error correction in such devices.

Mass storage devices may include a number of memory
devices, such as NAND memory devices, NOR memory
devices, phase change devices, magnetic media devices, opti-
cal storage, etc., that typically include single-channel (i.e.,
one per memory device) controllers. Such single channel
device controllers typically include error correcting code
(ECC) encoding and decoding just before the data 1s being
written to the storage device.

ECC encoding typically produces so-called check bytes
that are typically stored in a designated location in the
memory device. These check bytes may be used to correct
data errors resulting from data storage in the device when
reading data out of the storage device.

In such a per-channel ECC scheme, the check bytes are
typically associated with a sector size (1.e., a specifically-
s1zed division of a storage device) that 1s native to the memory
device. Also, the type or strength of the ECC algorithm used
may be limited by a size of the designated location 1n the
memory device for storing the ECC check bytes. These char-
acteristics may not be desirable when designing multi-chan-
nel mass storage devices.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate one or
more implementations consistent with the principles of the
invention and, together with the description, explain such
implementations. The drawings are not necessarily to scale,
the emphasis 1nstead being placed upon 1llustrating the prin-
ciples of the invention. In the drawings,

FIG. 1 1s a block diagram of a multi-channel mass storage
device;

FI1G. 2 1s a flowchart illustrating a process of writing to the

device of FIG. 1; and
FI1G. 3 1s a tflowchart illustrating a process of reading from

the device of FIG. 1.

DETAILED DESCRIPTION

The following detailed description refers to the accompa-
nying drawings. The same reference numbers may be used in
different drawings to identily the same or similar elements. In
the following description, for purposes of explanation and not
limitation, specific details are set forth such as particular
structures, architectures, interfaces, techniques, etc. in order
to provide a thorough understanding of the various aspects of
the claimed mvention. However, 1t will be apparent to those
skilled 1n the art having the benefit of the present disclosure
that the various aspects of the mmvention claimed may be
practiced in other examples that depart from these specific
details. In certain instances, descriptions of well known
devices, circuits, and methods are omitted so as not to obscure
the description of the present invention with unnecessary
detaul.

FIG. 1 1s a block diagram of a multi-channel mass storage
device 100 that may be located within, and may communicate
with, a host. Examples of such host may be a computing or
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media device, such as a notebook computer, handheld device,
media player, telecommunication device (e.g., phone), but
possible hosts are not limited to this list. Device 100 may
include a host controller 110, an ECC engine 120, a memory
buifer 130, a memory arbiter 140, and multiple storage chan-
nels that each include one channel controller 150-1, 150-2, . .
. 150-n (collectively “controllers 150””) and one storage ele-
ment 160-1,160-2, . . ., 160-n (collectively “elements 1607).

Host controller 110 may be arranged to communicate with
the host, for example interpreting host commands, exchang-
ing data with the host, and controlling the behavior of one or
more of elements 120-150 (e.g., channel controllers 150).
Host controller 110 may include a processor (e.g., CPU)
which 1s used 1n conjunction with some dedicated logic and/
or circuits to perform these function. Host controller 1s also
responsible for controlling ECC engine 120. In some imple-
mentations, host controller 110 may also generate and main-
tain a table that maps a logical address of data to a physical
address 1n devices 160.

ECC engine 120 may be arranged to perform ECC encod-
ing or decoding, depending on which direction (e.g., read or
write) the data 1s being transferred. In some 1implementations,
engine 120 may be mmplemented via dedicated, purpose-
designed logic, but 1n some implementations, ECC engine
120 may be programmable by controller 110. ECC engine
120 may perform any suitable ECC algorithm, such as Reed-
Solomon encoding, BCH (Bose, Ray-Chaudhuri, Hocqueng-
hem) encoding, etc. In some 1mplementations, engine 120
may be configured to perform a stronger or more robust ECC
algorithm, for example 1n applications where data integrity 1s
critical. Such a stronger/more robust ECC algorithm may, 1n
some 1implementations, generate more or longer check bytes
for a given amount of data than a comparatively weaker or less
robust ECC algorithm.

Because ECC engine 120 1s not associated with a particular
data channel or NAND device 160, 1t may output 1ts check
bytes along with the error-corrected data. In this sense, the
ECC check bytes may be viewed as a data overhead, and need
not be separately treated or stored from the data that they
protect. By virtue of 1ts location, the single ECC engine 120
will protect all data 1n all the storage channels (e.g., channels
1,2,...,n1n FIG. 1), and will also protect the data 1n buffer
memory 130. Hence, the data 1s protected while 1t 1s 1n a
controller chip (perhaps including elements 110-140) as well
as when 1t 1s permanently stored on the storage elements 160,
which may be packed separately from a controller chip.

For completeness, ECC engine 120 also may be arranged
to decode data using previously-generated check bytes prior
to sending 1t to the host. In this manner, data from buffer 130
may be checked, and any errors introduced by either storage
clements 160 or buifer 130 may be corrected by engine 120
prior to providing the data to the host.

Buifer memory 130 may be arranged to store the host data
temporarily while read/write operations are in progress.
Buifer memory 130 1s usually a somewhat large (>256
KBytes, although this number 1s purely an example, and
buifer memory 130 may be larger or smaller) on chip static
random access memory (SRAM) and may be subject to ran-
dom bit inversions which can cause errors. Because the datais
protected as soon as 1t 1s received from the host (via controller
110), ECC engine 120 provides protection to this data while
it resides 1n buller memory 130. In this manner, stringent
reliability requirements of the enterprise class products may
be satisfied by the same ECC engine 120 which protects the
data on storage elements 160.

Memory arbiter 140 may be arranged to arbitrate the access
to butfer memory 130 among the individual channels. Arbiter
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140 may allocate access among controllers 150 according to
any suitable arbitration scheme, including round robin,
weilghted round robin, etc. according to the overall design
constraints of storage device 100. For example, if more ire-
quently accessed data 1s stored 1n a particular channel or
channels, the associated controller 150 may be designated
higher priority access relative to other controllers 150.

Channel controllers 150 may control access to and from
associated memory devices 160. A particular channel control-
ler 150-n will implement functionality to control the opera-
tion of its associated storage element 160-n. Several of these
controllers 150 may be attached 1n parallel to increase the data
throughput in device 100. Although five such parallel chan-
nels are shown in FIG. 1, 1n certain implementations, the
number of channels employed may be fewer (e.g., from 4
down to 2 channels) or greater (e.g., 6, 8, 10 channels, or
more).

Storage elements 160 may be arranged to provide non-
volatile storage of data under the respective control of channel
controllers 150. Storage elements 160 (and/or corresponding
controllers 150) may be of a solid-state technology (e.g.,
NAND, NOR, phase change, etc.) that 1s susceptible to data
corruption. Flements 160 1n some implementations may
include magnetic or optical media that may rotate (e.g., hard
disk or similar device). Further, elements 160 need not be of
a single type. For example, element 160-0 could be solid-
state, while element 160-1 could include magnetic media or
another type of storage media. For reference, because ele-
ments 160 are the most remote components from the host (and
associated host controller 110) along a data storage path, they
may bereferred to as “downstream’ from each of components
110-150, whereas these other components are “upstream”
from memories 160. By way of another example, ECC engine
120 1s upstream from memory buffer 130 and 1s downstream
from controller 110.

FI1G. 2 15 a flowchart illustrating a process 200 of writing,
data to device 100. The host may send data to be written to the
drive. The host controller 110 may receive the data and pro-
gram the ECC engine 120 to calculate the check bytes to
protect the data [act 210]. Such programming be controller
110 may, 1n some implementations, specity the specific ECC
algorithm to be used by engine 120. In other implementa-
tions, act 210 may specily other parameters within a particu-
lar ECC algorithm, such as a format of the check bytes or
other parameter. In some implementations of act 210, a size of
the data on which the protection will be applied may be
changed by host controller 110.

Once the check bytes are calculated via engine 120 [act
220], they are stored in buifer memory 130 [act 230] waiting
to be written to the storage elements 160. Such calculation
and storage of check bytes (or more generally check infor-
mation, as such are not necessarily byte-sized) along with the
checked data may effectively disassociate such check bytes
from a particular storage element 160. In other words, check
bytes may be stored along with their associated data 1n butier
130, and may in come 1mplementations ultimately span two
or more elements 160.

In conjunction with such storage operation, the host con-
troller 110 may maintain a logical to physical mapping table
(c.g., 1n buifer 130) [act 240]. Such a mapping table waill
enable controller 110 to locate where each logical page of
data (and check information) 1s located on the physical
medium of devices 160.

The host controller 110 may then program the channel
controllers 150 to store the data in the storage elements 160
along with the ECC check-bytes [act 250]. The data may span
multiple channels 150/160, and the ECC check bytes are
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written as part of the data onto the main storage of elements
160. Due to the operation of ECC engine 120 1n act 220, it 1s
not necessary to put the ECC check-bytes in (or limit such
check bytes to) a spare area on the devices 160 that 1s typically
dedicated to check bytes.

FIG. 3 15 a flowchart illustrating a process 300 of reading
from device 100. Process 300 may be used belore, after, or
contemporaneously with writing process 200 where appro-
priate. Upon recerving a read request from the host, the host
controller 110 will perform a lookup 1n the logical to physical
mapping table [act 310]. Using the physical location of the
data 1n devices 160 obtained {from the table, controller 110
may program the channel controller(s) 150 to get the data
from the storage elements [act 320]. In so doing, controller
110 may specily, for example, the physical address(es) in
clements 160 from which to read the requested data and check
bytes. Controllers 150 (possibly 1n conjunction with arbiter
140) may assemble the requested data in butfer 130 [act 330].

Once the data 1s assembled 1n buffer 130, the host control-
ler 110 may program the ECC engine 120 to detect and
correct any errors that might have been introduced 1n the data
|act 340]. Engine 120 may use the check bytes to detect any
blocks of data that contain erroneous bits and/or bytes. If any
such are detected, engine 120 1n act 340 may also use the
check bytes to correct any errors that may be present, either
due to butier 130 or elements 160. Once the error correction
has been performed 1n act 340, the corrected data may be sent
to the host [act 350].

The above-described scheme and/or system may advanta-
geously calculate the ECC check bytes as soon as the data 1s
received from the host, thus dislocating or decoupling the
location of the ECC check bytes from the data which is being
protected 1n the physical element(s) 160. This design freedom
permits changing the sector size of the drive 100 without
being stuck with the default sector size of the storage element
160 being used. Also the strength of the ECC protection may
be changed without any limitation by the available spare
bytes 1n the portion of the device 160 that are typically used
tor ECC check bytes.

Further, because of a single ECC engine 120 for the all
storage channels instead of one ECC engine for each channel,
a controller chip (e.g., encompassing at least elements 110-
130, and possibly elements 140 and/or 150) would be smaller
in die area (and thus cheaper). Also, the more stringent reli-
ability requirements typical of an “enterprise class™ product
may bemet by using the same ECC engine 120 for the internal
buifer memory 130 as well.

The foregoing description of one or more implementations
provides 1llustration and description, but 1s not intended to be
exhaustive or to limit the scope of the invention to the precise
form disclosed. Modifications and variations are possible 1n
light of the above teachings or may be acquired from practice
of various implementations of the invention.

For example, ECC engine 120 need not be separate from,
for example, host controller 110. Other circuitry than that
specifically shown may be present in device 100, but ECC
engine should be located upstream from both buifer 130 and
storage elements 160 to protect against errors 1n either.

No element, act, or instruction used in the description of the
present application should be construed as critical or essential
to the invention unless explicitly described as such. Also, as
used herein, the article “a’ 1s intended to include one or more
items. Variations and modifications may be made to the
above-described implementation(s) of the claimed invention
without departing substantially from the spirit and principles
of the mvention. All such modifications and variations are
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intended to be included herein within the scope of this dis-
closure and protected by the following claims.

What 1s claimed:

1. A multiple channel storage device, comprising:

a host controller to recerve input data from a host device;

a bulfer memory to store the input data and associated error
correcting data prior to downstream storage;

multiple storage channels downstream from the buffer
memory to store the input data and associated error
correcting data 1n at least one of the storage channels on
a non-volatile storage media; and

an error correcting engine between the host controller and
the buffer memory to perform error correction encoding
on the input data from the host device to generate the
associated error correcting data for storage in the buller
memory.

2. The storage device of claim 1, wherein the error correct-
ing engine 1s arranged to perform Reed-Solomon encoding or
Bose, Ray-Chaudhuri, Hocquenghem (BCH) encoding on
the iput data.

3. The storage device of claim 1, wherein the error correct-
ing engine 1s further arranged to perform error correction
decoding on output data and associated error correcting data
from the bufier memory.

4. The storage device of claim 1, further comprising;

a memory arbiter between the buifer memory and the mul-
tiple storage channels to arbitrate access to the bulfer
memory among the multiple storage channels.

5. The storage device of claim 1, wherein each of the

multiple storage channels includes:

a solid-state memory device to store the mput data and the
associated error correcting data; and

a channel controller to control access to and from the
solid-state memory device.

6. The storage device of claim 1, wherein each of the

multiple storage channels includes:

a magnetic memory device to store the mput data and the
associated error correcting data; and

a channel controller to control access to and from the
magnetic memory device.

7. A multiple channel storage device, comprising:

a first memory device;

a first channel controller connected to the first memory
device;

a second memory device;

a second channel controller connected to the second
memory device;

an arbiter connected to the first channel controller and to
the second channel controller;

a bulfer memory connected to the arbiter;

an error correcting engine directly connected to and
upstream of the buifer memory to protect against data
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errors 1n the buffer memory, in the first memory device,
and 1n the second memory device; and

a host controller directly connected to and upstream of the

error correcting engine to provide uncorrected input data
to the error correcting engine and to receive error cor-
rected output data from the error correcting engine.

8. The storage device of claim 7, wherein the error correct-
ing engine 1s arranged to perform Reed-Solomon encoding or
Bose, Ray-Chaudhuri, Hocquenghem (BCH) encoding and
decoding.

9. The storage device of claim 7, wherein the first memory
device includes a solid-state memory device, and

wherein the second memory device includes a solid-state

memory device.

10. The storage device of claim 7, wherein the first memory
device 1ncludes a solid-state memory device, and

wherein the second memory device includes a magnetic

memory device.

11. A method of storing data 1n a multiple channel storage
device, comprising:

recerving mput data by a host controller from a host;

performing error correction encoding on the mnput data to

generate error correction check information;

storing the mput data and the error correction check infor-

mation in a buifer memory;
updating a mapping table with locations for the input data
and the error correction check information; and

writing the input data and the error correction check infor-
mation to one or more memory devices 1n accordance
with the locations from the mapping table.

12. The method of claim 11, wheremn the performing
includes:

performing Reed-Solomon encoding or Bose, Ray-
Chaudhuri, Hocquenghem (BCH) encoding.

13. The method of claim 11, wherein the writing includes:

writing the input data and the error correction check infor-
mation across two or more memory devices 1 accor-
dance with the locations from the mapping table.

14. The method of claim 11, further comprising:

reading output data and associated error correction check
information from one or more memory devices 1n accor-
dance with the locations from the mapping table; and

storing the output data and associated error correction
check information 1n the buffer memory.

15. The method of claim 14, further comprising:

performing error correction decoding on the output data
using the associated error correction check information
to generate corrected output data; and

sending the corrected output data by the host controller to
the host.
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